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The protective guide includes a flexible curved strip-shaped
base and a plurality of flexible sectioning members. The base
is made of a synthetic resin, formed into a long plate and has
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dinal direction, the both ends being opposed to each other in
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FLEXIBLE PROTECTIVE GUIDE
INTERNALLY HOLDING LONG MEMBERS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims the benefit of
priority from earlier Japanese Patent Application No. 2011-
208573 filed Sep. 26, 2011, the description of which is incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to a flexible protective guide
for internally holding long flexible cables and/or ducts and
guiding their behaviors to a given path, while protecting the
cables and/or ducts, the cables and/or ducts connecting a fixed
side of a machine in which the cable protective guide is
installed to a movable side of the machine to transmit elec-
trical signals therebetween or transfer a physical medium
therebetween. In particular, the present invention relates to a
long flexible protective guide preferable for an application in
which cables and/or ducts are bent for connection between a
fixed side of a machine in which the cable protective guide is
installed and a movable side of the machine.

2. Related Art

It is well known that various machines available today are
provided with a movable member, such as a linear actuator or
a robot, which is connected, for actuation, to a member on a
fixed side (hereinafter referred to as a fixed member) of the
machine. In most of such machines, energy, such as electrical
power, control signals and/or air, are required to be trans-
ferred to the movable member from the fixed member via
cables and/or ducts (hereinafter just referred to as cables).
Since the cables are connected between the fixed member and
the movable member, it is important to guide the movement of
the cables to a desired path, with the protection of the cables.

As a means for protecting and guiding such cables, a cable
protective guide chain as disclosed in JP-A-H10-047441 is
well known. The cable protective guide chain includes a
number of link members connected in the longitudinal direc-
tion of cables. Each link member is composed of a pair of left
and right link plates which are spaced apart from each other,
a flap and a bottom plate. The flap is used for connecting
between the upper edges of the ling plates. The bottom plate
is used for connecting between the lower edges of the link
plates. The movement stroke for which the chain is used is
different between the users, and thus ranges from a short
movement stroke to a long movement stroke. Sometimes, a
long chain is required to be used for a movement stroke of 10
meters or more. Taking this into account, the cable protective
guide chain disclosed in JP-A-H10-047441 achieves a
required movement stroke by assembling the required num-
ber of link members and elongating the chain to the required
length.

However, in exchange of the possible elongation by assem-
bling the link plates, such an assembled cable protective guide
chain involves lots of work in assembling the link plates, the
flaps and the bottom plates. Further, when such an assembled
cable protective guide chain is used, dust may be produced
due to the friction between the link plates. In addition, when
such an assembled cable protective guide chain is bent, noise
may be mutually caused by the link plates. Also, such an
assembled cable protective guide chain may cause vibration
due to the mutual polygonal action of the link plates.
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In order to take measures against these problems, JP-A-
2001-514725 discloses a cable protective member. The pro-
tective member is configured by segments each of which is
formed by injection-molding a synthetic resin into a flat one-
piece structure. These segments are mutually connected via
bendable bridges so that the protective member is foldable.
Accordingly, it is no longer necessary to connect adjacent link
plates and thus the assembling works are dramatically facili-
tated. Also, the protective member of JP-A-2001-514725
reduces production of dust, generation of noise due to bend-
ing, and vibration due to polygonal action, which are the
problems of the cable protective guide chain disclosed in
JP-A-H10-047441.

However, in the foldable cable protective member of JP-A-
2001-514725, each segment is provided by injection-mold-
ing a synthetic resin into a one-piece flat structure. Therefore,
the foldable cable protective member, when it is applied such
as to a linear actuator machine having a long movement
stroke, is very often difficult to manufacture with the length
suitable for the long movement stroke. For example, there is
a physical limitation in the size of the die used for injection
molding. Further, since a desired movement stroke is differ-
ent between the users, providing a plurality of dies suitable
for the individual desired movement strokes invites increase
in the manufacturing cost.

SUMMARY

Thus it is desired to provide a protective guide for cables
and/or ducts, which eliminates such bothersome works as
assembling link plates, reduces dust, bending noise and bend-
ing vibration, easily copes with movement strokes of various
lengths, and smoothly holds and guides the cables and/or
ducts without causing a backlash not only in a linear-posture
guiding portion but also in a bent-posture guiding portion.

As an exemplary embodiment, the protective guide has a
long shape and internally holds long members including at
least one of a flexible cable and a flexible duct. The protective
guide includes a flexible curved strip-shaped base and a plu-
rality of flexible sectioning members. The curved strip-
shaped base is made of a synthetic resin, formed into a long
plate and has a longitudinal direction. The sectioning mem-
bers are also made of a synthetic resin, permitted to uprise
from both ends of the curved strip-shaped base and spaced
apart from each other in the longitudinal direction, the both
ends being opposed to each other in a direction perpendicular
to the longitudinal direction. Thus, the sectioning members
cooperatively define a space for accommodating the long
members along the curved strip-shaped base. The curved
strip-shaped base has a cross section inwardly curved toward
the space, as viewed in the longitudinal direction.

In the long protective guide having such a configuration,
the cables (and/or ducts) are passed through the space defined
by the curved strip-shaped base and the plurality of sectioning
members. One end of the protective guide is connected to a
fixed member of the machine installing the protective guide,
while the other end is fixed to a movable member of the
machine. The cables (and/or ducts) transmit electrical power
or control signals (and/or air, or the like) from the side of the
fixed member to the side of the movable member. The pro-
tective guide moves following the movable member while
forming a bent portion in a part of the protective guide in the
longitudinal direction. With the movement of the movable
member, the position of the bent portion changes in the lon-
gitudinal direction.

In the protective guide, while the bent portion changes its
position with the movement of the movable member, a new
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portion of the protective guide in a linear posture changes into
a bent posture, while a portion of the protective guide that has
been in the bent posture returns to the linear posture. When
the protective guide turns into the bent posture, the curve in
the curved strip-shaped base is flattened, while gaps (e.g.,
slits) in between the plurality of sectioning members that are
positioned in the bent portion each become wider, little by
little, than the original width. Distortion (or strain) that would
be caused when the linear posture turns into the bent posture
is absorbed by the flattening of the strip-shaped base and the
widening of the gaps in between the plurality of sectioning
members. Thus, the space for accommodating the cables is
reliably ensured in both of the linear- and bent-posture por-
tions of the protective guide. In this way, the protective guide
is able to smoothly guide the cables without causing a back-
lash not only in the linear-posture guiding portion but also in
the bent-posture guiding portion.

Further, since the long protective guide is made of a resin-
ous material and thus has flexibility, the assembling works,
for example, of link plates as in the conventional art is no
longer necessary. Also, not using link plates that are brought
into contact with each other in guiding the cables can elimi-
nate such problems as producing dust and causing bending
noise and bending vibration during the guiding. In addition, a
protective guide of a desired length is obtained by only cut-
ting off the protective guide at a position in the longitudinal
direction in conformity with the stroke of the movable mem-
ber of the machine in which the protective guide is installed.
Thus, the protective guide is able to easily respond to the
applications in which the protective guide is required to have
various lengths, thereby providing a good versatility.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a perspective view illustrating an example of a
device mounting a protective guide for cables, according to an
embodiment of the present invention;

FIG. 2 is a partially omitted perspective view more specifi-
cally illustrating the general shape of the cable protective
guide according to the embodiment;

FIG. 3 is a partial perspective view illustrating a linear-
posture portion of the cable protective guide according to the
embodiment;

FIG. 4 is a partial perspective view illustrating a bent-
posture portion of the cable protective guide according to the
embodiment;

FIG. 5 is a side view illustrating in general the cable pro-
tective guide including a bent portion, according to the
embodiment;

FIG. 6 is a cross-sectional view illustrating a cross section
corresponding to a linear posture, taken along a line A-A of
FIG. 5;

FIG. 7 is a cross-sectional view illustrating a cross section
corresponding to a bent posture, taken along a line B-B of
FIG. 5;

FIG. 8 is a cross-sectional view illustrating a cross section
corresponding to another linear posture, taken along a line
C-C of FIG. 5;

FIG. 9 is a cross-sectional view along a plane perpendicu-
lar to the longitudinal direction of a cable protective guide as
a modification of the present invention; and

FIG. 10 is a cross-sectional view along a plane perpendicu-
lar to the longitudinal direction of a cable protective guide as
another modification of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to FIGS. 1 to 8, hereinafter is described an
embodiment of a cable protective guide made of a synthetic
resin, according to an embodiment of the present invention.

FIG. 1is a perspective view illustrating a linear movement
device M called a linear robot mounting a cable protective
guide 100 according to the present embodiment.

The linear movement device M incorporates a ball-screw
driven actuator. Specifically, as shown in FIG. 1, the linear
movement device M includes a fixed frame M1, a movable
member M2, a setting frame M3 and an actuator M4. The
fixed frame M1 is provided on a machine side. The movable
member M2 is a movable frame provided on the machine
side. The setting frame M3 is connected to the fixed frame M1
and incorporates a drive motor MT. The actuator M4 is a
ball-screw driven actuator for linearly moving the movable
member M2 with respect to the fixed frame M1. Upon rota-
tion of the drive motor M T incorporated in the setting frame
M3, the actuator M4 is driven. In response to the driving, the
movable member M2 is linearly moved with respect to the
fixed frame M1.

As shown in FIG. 1, an X-Y-Z coordinate system is set, in
which the longitudinal direction of the fixed frame M1 coin-
cides with the Y-axis direction. The movable member M2 is
allowed to reciprocally move along the Y-axis direction (see
the arrow L in FIG. 1).

As shown in FIG. 1, of the two side faces of the fixed frame
M1, which are opposed to each other in the X-axis direction,
one is provided with a mounting plate M1A. Specifically, the
mounting plate M1A having an [-shaped cross section as
viewed in the longitudinal direction is secured to one of the
side faces of the fixed frame M1, with a side face of the
mounting plate M1A being oriented upward in the Z-axis
direction. Further, of the two side faces of the movable mem-
ber M2, which are opposed to each other in the X-axis direc-
tion, one is provided with a cantilever M2A. Specifically, the
cantilever M2A having an upside-down L-shaped cross sec-
tion as viewed in the X-axis direction is secured to one of the
side faces of the movable member M2. Thus, the mounting
plate M1A and the cantilever M2A are opposed to each other
in the Z-axis direction on a side face of the linear movement
device M. Accordingly, when the movable member M2
moves in the Y-axis direction with respect to the fixed frame
M1, the cantilever M2A also moves in the Y-axis direction
with respect to the mounting plate M1A (see the arrow L in
FIG. 1).

The movable member M2 includes electrical and mechani-
cal elements, such as elements that consume electrical power
and electronically controlled elements, which are necessary
for achieving the functions of the actuator M4. Accordingly,
the actuator M4 is provided with long flexible members, such
as cables/ducts C including: a cable that has ends, one being
connected to the fixed frame M1 and the other being con-
nected to the movable member M2 to supply electrical power
from the side of the fixed frame M1 to the side of the movable
member M2; a cable that transmits signals between the fixed
frame M1 and the movable member M2; and other necessary
ducts. Hereinafter, the cables/ducts C are simply referred to as
cables C. The cables C move in a spatial manner with the
movement of the movable member M2. Therefore, the linear
movement device M includes the cable protective guide 100
which protects the cables C and guides the movement (behav-
iors) of the cables C within a desired path.

Specifically, as shown in FIG. 1, the cable protective guide
100 has a long shape and has ends 100a and 1005. The cable
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protective guide 100 has substantially a rectangular cross
section perpendicular to the longitudinal direction, with sub-
stantially a rectangular hollow, as viewed in the longitudinal
direction, being formed inside. The hollow serves as a path
through which the cables C are permitted to move.

The cable protective guide 100 is a monolithic member
entirely made of a synthetic resin. Of the ends 100a and 1005,
the end 100q is fixedly attached to a predetermined position of
and near the end portion of the mounting plate M1A of the
fixed frame M1. On the other hand, the end 1005 is fixedly
attached to an end portion of the cantilever M2A of the
movable member M2.

In this way, as shown in FIG. 1, the ends 1004 and 1005 of
the cable protective guide 100 are secured to the mounting
plate M1A and the cantilever M2A, respectively. The portion
of'the cable protective guide 100 other than the ends 1004 and
1004 corresponds to a trunk 100¢. A part of the trunk 100c¢ is
placed on the upper surface of the mounting plate M1A.
Specifically, the long cable protective guide 100 is mounted
on the linear movement device M being bent forming a
U-shaped bent portion 100X (part of the trunk 100¢) along the
Y-Z plane. Accordingly, when the movable member M2 is
translated with respect to the fixed frame M1, the cable pro-
tective guide 100 is permitted to move, changing the position
of the U-shaped bent portion 100X on the mounting plate
M1A (see the dash-dot-dot line IM in FIG. 1).

The cable protective guide 100 has a given rigidity. There-
fore, before being mounted on the linear movement device M,
the cable protective guide 100 keeps its substantially linear
shape in a state of being left on its own. Thus, it is true that the
cable protective guide 100 is able to keep its substantially
linear shape without being placed on the mounting plate M1A
but, for the sake of protection from other machines or mem-
bers in the factory, the cable protective guide 100 is placed on
the mounting plate M1A.

The cables C are passed through the cable protective guide
100 from the side of the fixed frame M1 for connection to the
movable member M2.

Referring to FIGS. 2 to 8, hereinafter are specifically
described the configuration and advantages of the cable pro-
tective guide 100.

In a state where the cable protective guide 100 is mounted
on the linear movement device M, the position of the
U-shaped bent portion 100X is ensured to be shifted in the
Y-axis direction along the Y-Z plane with the movement of the
movable member M2. In order to enable this movement, the
cable protective guide 100 is configured as set forth below.
The cable protective guide 100 is configured as a long mem-
ber having a desired length. The cable protective guide 100
has a cross section perpendicular to its longitudinal direction
(the cross section along the X-Z plane in a state of being
mounted on the linear movement device M). The cross sec-
tion has substantially a rectangular shape with its long sides
being defined by opposed upper and lower curved faces.

It is preferred that the cable protective guide 100 is a
flexible monolithic member made of a synthetic resin and that
its internal space having substantially a rectangular cross
section functions as an accommodation space R for accom-
modating the cables C. In order to form the space R, the cable
protective guide 100 is composed of a curved strip-shaped
base 110 (hereinafter also simply referred to as a base 110)
extending in the longitudinal direction of the cables C and a
plurality of integrally connected substantially U-shaped wall
portions (functioning as sectioning members) 120. Each
U-shaped wall portion 120 is composed of side walls 121
uprising from both sides of the base 110 and a curved ceiling
122 connecting the side edges of the side walls 121.
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As will be understood from FIGS. 2, 4 and 5, the relation-
ship between the base 110 and each ceiling 122 in the Z-axis
direction is reversed, in the longitudinal direction of the cable
protective guide 100, before and after passing the U-shaped
bent portion 100X.

As shown in FIGS. 2 and 3, when the cable protective guide
100 is in a linear state, the plurality of wall portions (section-
ing members) 120 are arranged at a fixed pitch P1 along the
longitudinal direction of the base 110, being spaced apart
from each other by a fixed spacing L1 corresponding to a slit
S. The slits S are formed in a cutting process in the course of
manufacturing the cable protective guide 100. The pitch P1
and the spacing [.1 may be changed as appropriate depending
on the position of the cable protective guide 100 in the lon-
gitudinal direction. However, in the present embodiment, the
pitch P1 and the spacing L1 are fixedly set wherever the cable
protective guide 100 may be positioned in the longitudinal
direction.

As shown in FIG. 2, the base 110 and the plurality of wall
portions 120 form the space R which is ensured to pass
through the U-shaped bent portion 100X as well.

The curved strip-shaped base 110 includes a curved portion
110A which is curved, projecting from the base 110, toward
the opposite face 122 (ceiling 122). Similarly, the ceiling 122
includes a curved portion 122 A which is curved in a direction
distancing from the base 110. The degree of curving of the
curved portions 110A and 122A is ensured to be the same in
the present embodiment. Accordingly, as shown in FIG. 6, the
space R does not have a strict rectangular shape as viewed in
a cross section along the X-Z plane. Instead, in the cross
section of the space R, the walls, i.e. the base 110 and the
ceiling 122, which are opposed to each other in the Z-axis
direction, are curved in the same direction while being sub-
stantially parallel to each other. It should be appreciated that
the degree of curving of the curved portions 110A and 122A
may be different from each other depending on the conditions
under which the cable protective guide 100 is used.

The curved portions 110A and 122A may be provided
throughout the base 110 and the ceiling 122, respectively,
along the X-axis direction, or may be partially provided such
as at the respective centers of the base 110 and the ceiling 122
in the X-axis direction.

The size of the cross section of the internal space R depends
on the size of the base 110 and the ceiling 122 and the size of
the side walls 121. Conversely, the size of the cross section
may be set according to the number, the size, the type, and the
like, of the cables C desired to be passed through the cable
protective guide. The degree of curving (e.g. expressed by the
position of a center of curvature and a curvature radius) of the
curved portions 110A and 122A of the base 110 and the
ceiling 122, respectively, is determined to be the same in the
present embodiment, so that the space R will have a suffi-
ciently large size.

The material used for manufacturing the cable protective
guide 100 may only have to be a synthetic resin which is able
to hold long flexible members, such as cables/ducts, and is
excellent in mechanical strength and molding accuracy. For
example, the materials that may be used include polyolefin-
based resins, such as polyethylene or polypropylene, polya-
mide-based resins, polyester-based resins, polyacryl-based
resins, polyacetal-based resins, polyvinyl chloride-based res-
ins and polystyrene-based resins.

In manufacturing the cable protective guide 100, aresinous
material as mentioned above is processed, first, using an
extruding machine or a drawing machine. Through the
extruding or drawing process, a monolithic tubular member is
prepared in which the curved strip-shaped base 110 is inte-
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grated with the plurality of wall portions 120 in series. In this
case, the die used in the processing machine is formed so that
the die can form the base 110 and the ceilings 122 together
with the curved portions 110A and 122A, respectively.

The tubular member prepared in this way is processed
using a slicer so that, as shown in FIG. 3, the slits S are formed
at the predetermined pitch P1 with the predetermined spacing
L1 being formed in each pitch P1. Each of the slits S is formed
throughout the height of each wall portion 120 and has a
depth, or a dead end, reaching the base 110. As shown in FIG.
5, the dead end of each slit S has a rounded portion R (see
reference R).

In the cable protective guide 100 configured in this way,
when the movable member M2 linearly moves in the Y-axis
direction with respect to the fixed frame M1, the end 1005
also moves in the Y-axis direction. With this movement, the
position of the bent portion 100X ofthe cable protective guide
100 changes in the Y-axis direction.

As shown in FIG. 6, in the cable protective guide 100, its
linear-posture portion has a substantially rectangular cross
section along the X-Z plane, with both of its long sides being
curved. However, as the bent portion 100X moves and
approaches the linear-posture portion, several slits S in the
vicinity of the bent portion 100X begin to open wider than the
spacing [.1 maintained up to then. Then, upon arrival of the
bent portion 100X, the slits S open as wide as a predetermined
spacing .2 (>L.1). Thus, as the slits S are widened, the dis-
tortion (or strain) caused by the bending of the bent portion
100X is absorbed by the elastic deformation. In this case, as
shown in FIGS. 4 and 7, the cross section of the bent portion
100X perpendicular to the longitudinal direction, i.e. the
cross section along the X-Z plane, is flattened to show a more
rectangular shape.

In other words, as indicated by the solid line in FIG. 7, the
base 110 and the ceiling 122 (curved portions 110A and
122A) are flattened, compared to the cross section in the
linear-posture portion as shown in FIG. 6. In this way, as the
slits S are widened and as the upper and lower curved portions
110A and 122A are flattened, the components of the cable
protective guide 100 are able to disperse their distortion (or
strain) caused by the bending. At the same time, the cable
protective guide 100 is able to smoothly turn its posture from
linear to bent. Since such a smooth bending is enabled in the
cable protective guide 100, the cables C accommodated in the
internal space R are guided in harmonization with the move-
ment of the space R (path), while being protected by the cable
protective guide 100. Thus, the movable member M2 as well
is able to move in a smooth manner.

By the way, in FIG. 5, a dashed line Lx (which should be
drawn partly by two-dot chain lines in FIG. 5) shows how the
top position TP of the curved portion 110A (refer to FIG. 7)
changes in its Z-axial height as advancing from the linear
posture to the curved posture along the longitudinal positions
of the cable protective guide 100.

The cable protective guide 100 exerts various advantages.

First of all, the cable protective guide 100 can eliminate the
necessity of preparing a cable protective guide on the work-
site by assembling members as in the conventional art. In the
cable protective guide 100 according to the present embodi-
ment, the curved strip-shaped base 110 and the plurality of
wall portions 120 are formed as a monolithic member. There-
fore, the assembling workload as mentioned above is elimi-
nated and thus the working efficiency is enhanced accord-
ingly.

The slits S are formed at the even pitch P1 throughout the
cable protective guide 100 in its longitudinal direction. Thus,
the cable protective guide 100 may be cut off at any slit S so
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as to match the length of'the accommodated cables C. In other
words, the cable protective guide 100 only has to be cut off
according to the application. Thus, there is no necessity of
preparing various types of cable protective guides in advance.
Accordingly, only a simple workload on the worksite can
provide the cable protective guide 100 of a desired length. In
this way, the cable protective guide 100 having good general-
purpose properties can be provided.

Further, since the cable protective guide 100 is formed
using extruding or drawing, the curved strip-shaped base 110
has a high degree of molecular orientation in the longitudinal
direction. In this way, the cable protective guide 100 has high
fatigue strength in the longitudinal direction and thus has an
excellent durability as well accordingly.

Moreover, in performing extruding or drawing, the thick-
ness and size can be changed in the base 110 and/or the wall
portions 120 of the cable protective guide 100. In addition, the
material for forming the cable protective guide 100 can be
selected as appropriate. In this way, in guiding the cables C
with the protection thereof, an optimum mode of a path, i.e.
the space R, is obtained in conformity with the type and the
number of the cables C desired to be accommodated.

Further, use of a synthetic resin material in manufacturing
the cable protective guide 100 enables continuous processing
using extruding or drawing, while ensuring a steady mode in
the space R for accommodating the cables C.

Further, as shown in FIGS. 6 and 8, the base 110 has the
curved portion 110A as far as the cable protective guide 100
maintains its linear posture. Accordingly, a space SP having a
slightly sharp-angled cross section is formed between an
uprising portion at each end of the curved portion 110A and
each side wall 121. Therefore, at least a part of the cables C is
accommodated in each of the narrow spaces SP. The sharp-
angled spaces SP have high rigidity owing to the shape, wall
thickness, and the like. The high rigidity serves as a support
for the cables C in the longitudinal direction. Thus, in guiding
the cables C in the linear-posture portion of the cable protec-
tive guide 100, the linear posture of the cables C is reliably
maintained.

As described above, in the present embodiment, the shape
and size of the curved strip-shaped base 110 and the wall
portions 120 are set so that the space R is sufficiently ensured
for the accommodation of the cables C. This acts synergisti-
cally with the structure unique to the present embodiment.
Specifically, the cable protective guide 100 (i.e. the cables C)
constantly has, in the space R: a portion in which the cables C
keep a linear posture; a portion in which the posture of the
cables C turns from linear to bent; a portion in which the
cables C keep a bent posture; a portion in which the posture of
the cables C turns from bent to linear again; and a portion in
which the posture of'the cables C returns to linear again. Inthe
present embodiment, the portions involving the bent posture
exert an effect of allowing the slits S to absorb the distortion
(or strain) caused by the bending and an effect of flattening
the curved portions 110A and 122A.

As described above, the cable protective guide 100 has, in
the space R, a portion in which the cables C keep a linear
posture or a portion in which the cables C keep a bent posture.
Between these portions, there is not so much a significant
change in the shape and size of the space R, except the change
that the curved portions are flattened. Thus, the present
embodiment provides an appropriate model which is able to
accept both of the linear and bent postures of the cable pro-
tective guide 100, with the space (path) R being fully ensured
inside. Accordingly, the space R in the model is able to sup-
press a backlash accompanying the movement of the cables
C.
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Specifically, as described above, the position of the
U-shaped bent portion 100X changes with the movement of
the movable member M2. Thus, wherever the bent portion
100X may be positioned, the cable protective guide 100 is
able to constantly enclose the cables C and guide the move-
ment of the bent portions of the cables C.

Further, when a plurality of cables C are accommodated in
the space R, the curved portions 110A and 122A in the linear-
posture portion of the cable protective guide 100 can exert
their function of fixing the accommodation positions of the
plurality of cables in the space R. Specifically, the inclinations
of the curved portions 110A and 122A exert a function of
preventing the plurality of cables C accommodated in the
space R from moving spontaneously in the direction along the
X-Z plane (movement of crossing the cables C). More spe-
cifically, during the operation of the linear movement device
M, the positions of the cables C along the X-Z plane remain as
they are initially accommodated in the space R. For this
reason, the plurality of cables C are suppressed from interfer-
ing with each other or suffering from contact friction. Thus,
the cable protective guide of a smooth and stable movement is
realized.

Further, the plurality of wall portions 120 having an iden-
tical shape are arranged at an even pitch along the longitudi-
nal direction of the curved strip-shaped base 110. This con-
figuration allows the cable protective guide 100 to more
effectively exert its function of widening the width of the slits
S and flattening the curved portions 110A and 122A. As a
result, with the movement of the movable member M2, the
position of the U-shaped bent portion 100X is shifted in the
Y-axis direction, while the U shape of the sole bent portion
100X is reliably maintained. Thus, the cables C are protected
and guided in a stable manner.

Furthermore, the plurality of wall portions 120 are spaced
apart from each other by the slits S. The base portion, i.e. the
dead end, of each of the plurality of slits S reaches the curved
strip-shaped base 110. This configuration much more
enhances the effect of absorbing distortion (or strain) caused
by the bending in the bent portion 100X. Thus, the bent
portion 100X may have only a smaller curvature radius. For
this reason, the space occupied by the cable protective guide
100 is made smaller.

In addition, since the dead end of each slit S has the
rounded portion R, the distortion (or strain) applied to the
base portion (dead end) of each slit S is effectively and evenly
dispersed in the periphery. Thus, the durability of the cable
protective guide 100 is enhanced.

The cable protective guide 100 of the present embodiment
is configured and functions as described so far. Accordingly,
advantageous effects different from those of the guide struc-
tures of conventional art are obtained as set forth below.

The assembling work for providing the conventional link-
plate structure is no longer necessary. The cable protective
guide 100 is able to prevent production of dust that would
have been produced in the conventional structure when a pin
between the link plates slides in a pin hole causing a frictional
damage. Further, the cable protective guide 100 is able to
prevent occurrence of intermittent bending noise that would
have occurred in the conventional structure due to the colli-
sion between stopper members that limit the bending angle
between the link plates when they are bent. In addition, the
cable protective guide 100 is able to prevent occurrence of
intermittent bending vibration that would have occurred in
the conventional structure accompanying the polygonal
action between the link plates.

The cable protective guide 100 of the present embodiment
is advantageous as well when compared to a foldable cable
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protective structural member having a bridge structure of
conventional art in which segments are connected to each
other via bridges. Specifically, whatever length the space R
may be required to have, the cable protective guide 100 is
manufactured as a monolithic component using integral and
continuous molding. Accordingly, the work of assembling
segments, for example, is no longer necessary. For example,
a cable protective structural member, when it is used in a
linear actuator machine, is required to have a large length so
as to follow the stroke of the actuator shaft. Such a long cable
protective structural member can also be manufactured
according to the present embodiment.

The long flexible cable protective guide of the present
invention is used as a cable protective guide for accommo-
dating cables (and/or ducts) that connect between a fixed
member and a movable member of a machine installing the
cable protective guide. The cable protective guide particu-
larly exerts its advantages when used being bent in its longi-
tudinal direction. As far as the cable protective guide is used
in this way, there is no particular limitation in the machines in
which the cable protective guide is installed. For example, the
cable protective guide can be installed such as in working
machines, production machines, power transmission
machines, measuring machines, conveying machines and
robots.

The cable protective guide of the present invention is not
necessarily limited to the one having the structure as
described above. For example, the cable protective guide may
have the cross-sectional structure as shown in FIG. 9 or 10. In
a cable protective guide 100A shown in FIG. 9, the base 110
and the ceiling 122 are provided on their both sides with small
non-curved or flat portions 1108 and 122B, respectively, in
the X-axis direction. In a cable protective guide 100B shown
in FIG. 10, only the base 110 has a curved portion 110A,
while the ceiling 122 is provided as a flat wall. When the cable
protective guide 100A or 100B is in a bent posture, the cross
section as viewed in the longitudinal direction may be slightly
distorted (or strained). However, the slits S spacing apart the
plurality of wall portions 120 from each other and the curved
portion 110A of the base 110 effectively exert their functions
to thereby reliably guide the cables C in both of linear and
bent postures.

The present invention may be embodied in several other
forms without departing from the spirit thereof. The embodi-
ments and modifications described so far are therefore
intended to be only illustrative and not restrictive, since the
scope of the invention is defined by the appended claims
rather than by the description preceding them. All changes
that fall within the metes and bounds ofthe claims, or equiva-
lents of such metes and bounds, are therefore intended to be
embraced by the claims.

What is claimed is:

1. A flexible protective guide internally holding elongated
members that include at least one of a flexible cable and a
flexible duct, the protective guide comprising:

a flexible strip-shaped base made of a synthetic resin and
formed into an elongated plate shape having a longitu-
dinal direction along which the guide is allowed to
move; and

a plurality of flexible sectioning members made of the
synthetic resin and integrally formed with the flexible
strip-shaped base, the flexible sectioning members
being provided with side walls and ceilings which coop-
eratively define a space together with the strip-shaped
base, the side walls of each of the flexible sectioning
members rising respectively from both lateral side ends
of the snip-shaped base, the lateral side ends being
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located in the lateral direction perpendicular to the lon-
gitudinal direction, the ceiling of each of the flexible
sectioning members bridging the side walls of each of
the flexible sectioning members such that the ceiling is
opposed to the strip-shaped base with the space left
between the ceiling and the strip-shaped base, the side
walls and the ceilings of the flexible sectioning members
being separated from one another by slits in the longi-
tudinal direction, the elongated members being accom-
modated in the space, wherein:

the strip-shaped base is formed to have a cross section

perpendicularly crossing the longitudinal direction, the
strip-shaped base being (1) curved to project toward the
space in the cross section when the guide moves along a
linear path in the longitudinal direction and (2)
deformed to be flattened when the guide moves along a
curved path in the longitudinal direction.

2. The protective guide according to claim 1, wherein the
cross section of the strip-shaped base has a contour bilaterally
symmetrically curved from both of the lateral side ends of the
strip-shaped base when the guide moves along the linear path.

3. The protective guide according to claim 2, wherein the
ceiling is curved in the same direction as the curve of the
strip-shaped base such that, when being viewed in the longi-
tudinal direction, the space provides a curved rectangular
shape when the guide moves along the linear path and the
space provides an approximately rectangular shape when the
guide moves along the curved path.

4. The protective guide according to claim 3, wherein the
base, and the side walls and the ceiling forming each of the
plurality of sectioning members are integrally formed with
each other and made of the same resinous material.

5. The protective guide according to claim 4, wherein the
plurality of sectioning members are formed from a mono-
lithic tubular member in which the strip-shaped base and the
space are formed.

6. The protective guide according to claim 5, wherein the
slits are provided at even intervals in the longitudinal direc-
tion to uniform the length of the plurality of sectioning mem-
bers in the longitudinal direction.

7. The protective guide according to claim 6, wherein each
of' the plurality of slits have, dead ends respectively reaching
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the strip-shaped base in the lateral direction, the dead ends
being rounded toward the strip-shaped base.

8. The protective guide according to claim 5, wherein each
of the plurality of slits have dead ends respectively reaching
the strip-shaped base in the lateral direction, the dead ends
being rounded toward the curved strip-shaped base.

9. The protective guide according to claim 1, wherein the
ceiling is curved in the same direction as the curve of the
strip-shaped base such that, when being viewed in the longi-
tudinal direction, the space provides a curved rectangular
shape when the guide moves along the linear path and the
space provides an approximately rectangular shape when the
guide moves along the curved path.

10. The protective guide according to claim 9, wherein the
strip-shaped base, and the side walls and the ceiling forming
each of the plurality of sectioning members are integrally
formed with each other and made of the same resinous mate-
rial.

11. The protective guide according to claim 10, wherein the
plurality of sectioning members are formed from a mono-
lithic tubular member in which the strip-shaped base and the
space are formed.

12. The protective guide according to claim 11, wherein the
slits are provided at even intervals in the longitudinal direc-
tion to uniform the length of the plurality of sectioning mem-
bers in the longitudinal direction.

13. The protective guide according to claim 12, wherein
each of the plurality of slits have dead ends respectively
reaching the strip-shaped base in the lateral direction, the
dead ends being rounded toward the strip-shaped base.

14. The protective guide according to claim 1, wherein the
plurality of sectioning members are formed from a mono-
lithic tubular member in which the strip-shaped base and the
space are formed.

15. The protective guide according to claim 14, wherein the
slits are provided at even intervals in the longitudinal direc-
tion to uniform the length of the plurality of sectioning mem-
bers in the longitudinal direction.

16. The protective guide according to claim 15, wherein
each of the plurality of slits have dead ends respectively
reaching the strip-shaped base in the lateral direction, the
dead ends being rounded toward the curved strip-shaped base.
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